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Description 
GEARBOX FOR MOTOR VEHICLES 

Cross Reference to Related Applications 

[0001] The present application claims the benefit of Provisional 

Application No. 60/423,987 filed 6 November 2002, the 

disclosure of which is expressly incorporated herein by 

reference in its entirety. 
Background of Invention 

Technical Field 

[0002] The present invention relates to a gearbox for motor vehi- 
cles, which is arranged between a basic gearbox and a 
transmission leading to driving wheels. The gearbox in- 
cludes an input shaft from the basic gearbox, an output 
shaft to a transmission, and a planetary gear arranged be- 
tween the input shaft and the output shaft. The ring gear 
of the planetary gear is axially displaceable. A first cou- 
pling ring for engaging a high-range mode, and a second 
coupling ring for engaging a low-range mode are pro- 
vided. Utilizing the coupling rings, the ring gear can alter- 



natively engage at least one synchronizing means with at 
least one friction surface. The synchronizing means is 
configured to synchronize the rotational speed difference 
between the ring gear and one or other coupling ring by 
interaction with a corresponding friction surface arranged 
on each coupling ring. The gearbox is intended to be ca- 
pable of shifting between two gearings and thus, together 
with the basic gearbox, doubling the total number of 

gearing possibilities. 
State of the Art 

[0003] | n transmission systems for heavy-duty vehicles, for ex- 
ample trucks and buses, it is known to connect an extra 
gearbox to the basic gearbox of the vehicle for the pur- 
pose of doubling the number of gearing possibilities. Such 
a gearbox is usually referred to as a range gearbox or an 
auxiliary gearbox. The range gearbox usually comprises 
(includes, but is not limited to) a planetary gear, by means 
of which the gearing can be changed between a high- 
range mode and a low-range mode. In the low-range 
mode, use is made of the gearing in the planetary gear, 
whereas, in the high-range mode, no transmission takes 
place through the planetary gear. In order to facilitate 
shifting between high-range mode and low-range mode, 



it is known to design such planetary gears with synchro- 
nizing means, usually comprising synchronizing rings, 
spring means for pre-synchronizing and blocking means 
to prevent engagement before synchronous rotational 
speed has been achieved. 

[0004] | n order to reduce the number of component parts and 
also from the point of view of power distribution, it has 
been found to be advantageous to use the ring gear of the 
planetary gear as a coupling sleeve. The ring gear can, by 
axial displacement, and after synchronization of the rota- 
tional speed difference between the ring gear and cou- 
pling rings, be brought into engagement with the cou- 
pling ring concerned on either side of the planetary gear. 
In this way different gearings are obtained. An example of 
an axially displaceable ring gear is shown in SE 514231. In 
that case, the ring gear is provided at each axial end with 
synchronizing means, and the internal teeth of the ring 
gear are extended so as to be capable of being coupled 
together with a corresponding coupling ring with coupling 
teeth arranged on each side of the ring gear. The ring 
gear and the synchronizing means on each side thus oc- 
cupy more space in the axial direction. 

[0005] when the ring gear in SE 514231 is coupled together with 



the gearbox casing, low-range mode is obtained, and the 
gearing in the planetary gear is used. 

[0006] | n order to obtain a shorter shifting time when synchro- 
nizing the rotational speed for the low-range mode, a 
greater synchronizing torque is required compared with 
synchronization for the high-range mode. A large diame- 
ter of the low-range synchronizing device is thus desir- 
able in order to obtain a greater synchronizing torque. 
The diameter refers to the position of the synchronizing 
friction surfaces. In the range gearbox of SE 514231, the 
inside diameter of the ring gear limits the possibility of a 
large synchronizing diameter and thus a great synchro- 
nizing torque. Another disadvantage of known devices is 
that the overall length is in many cases too great and that 
double sets of annular springs with associated synchro- 
nizing rings are required. 

[0007] T ne object of the present invention is to make synchro- 
nization for the low-range mode act on as large a diame- 
ter as possible in order to obtain more rapid shifts and 
also to shorten the overall length of the gearbox and re- 
duce the number of component annular springs and syn- 
chronizing rings, while retaining good functioning. The 
object is also, when the axial displacement of the ring 



gear takes place, to separate friction surfaces in the syn- 
chronizing device with a relative speed difference; that is 
to say, the synchronizing device which is not functioning 

at the time, and in this way reduce the friction losses. 
Summary of Invention 

[0008] Arrangements configured according to the invention hav- 
ing a gearbox for motor vehicles, intended to be con- 
nected to the output side of a basic gearbox and compris- 
ing an input shaft from the basic gearbox, an output shaft 
to a transmission, a planetary gear arranged between the 
input shaft and the output shaft. The ring gear of the 
planetary gear can be displaced axially by a first means. 
The arrangement also includes a first coupling ring, for 
engaging a high-range mode, and a second coupling ring, 
for engaging a low-range mode, with which coupling 
rings the ring gear can engage alternatively. At least one 
synchronizing means is provided with at least one friction 
surface. The synchronizing means is intended to synchro- 
nize the rotational speed difference between the ring gear 
and one or other coupling ring by interaction with a cor- 
responding at least one friction surface arranged on each 
coupling ring. The synchronizing means and the second 
coupling ring are arranged coaxially outside the ring gear. 



A second means for engaging the second coupling ring 
and a third means for driving said synchronizing means 
are arranged on the external side, seen radially, of the 
ring gear, and the second coupling ring is arranged be- 
tween the synchronizing means and the first means. 

[0009] Major advantages of arrangements configured according 
to the teachings of the present invention include that the 
shifting time, in particular when shifting to a low-range 
gear, is considerably shortened. The shorter shifting time 
is achieved on account of the greater synchronizing 
torque which is obtained by virtue of the invention making 
it possible to arrange the friction surfaces of the synchro- 
nizing ring along a larger diameter, seen from the center 
line of the input and output shafts. That is to say, the 
synchronizing ring is located coaxially outside the ring 
gear. Moreover, the overall length of the range gearbox is 
shortened, and only one annular spring and an associated 
synchronizing ring, that is to say a double synchronizing 
ring with two friction surfaces, are required. 

[0010] According to an advantageous first embodiment of the ar- 
rangement configured according to the invention, the ring 
gear has on its external side, seen radially, bars for en- 
gaging the first coupling ring. The advantages are a short 



overall length, large synchronizing diameter and simple 
construction with few components. 

[001 1] According to an advantageous second embodiment of the 
arrangement of the invention, the internal teeth, seen ra- 
dially, of the ring gear are used for engaging the first 
coupling ring. The advantages of this embodiment are 
that the external bars of the ring gear can be shortened 
somewhat and also that manufacture of the first coupling 
ring is made easier. 

[0012] | n a further advantageous third embodiment of the ar- 
rangement of the invention, the internal teeth of the ring 
gear are helical teeth. An advantage is that a servo effect 
is obtained when the gear concerned is engaged. The he- 
lical teeth, moreover, provide quieter operation. 
Brief Description of Drawings 

[0013] The present invention will be described in greater detail 
below with reference to the accompanying drawings 
which, for the purpose of exemplification, illustrate pre- 
ferred embodiments of the invention and include the fol- 
lowing: 

[0014] pig. 1 is a cross-sectional view showing a longitudinal 
section taken through a range gearbox configured ac- 
cording to one embodiment of the invention, with the 



high-range mode (direct gear) engaged; 

[0015] pig. 2 is a detailed cross-sectional view showing an en- 
largement of part of the arrangement shown in Fig. 1; 

[0016] pig. 3 is a detailed cross-sectional view showing an en- 
largement of part of the arrangement shown in Fig. 1, but 
with the low-range mode engaged; 

[0017] Fig. 4 is a detailed cross-sectional view showing an en- 
largement of part of the arrangement shown in Fig. 1, but 
in the phase of synchronization for low-range mode; and 

[0018] Fig. 5 is a diagrammatical view of external bars, blocking 

teeth and also the respective sets of coupling teeth. 
Detailed Description 

[0019] Figure 1 shows a gearbox 1 configured according to the 
invention and which can advantageously form a range 
gearbox 1 intended to be connected to the output shaft of 
a basic gearbox (not shown) in a heavy-duty vehicle, for 
example a truck or bus. The range gearbox comprises a 
planetary gear 4. 

[0020] The output shaft of the basic gearbox forms the input 

shaft 2 of the range gearbox 1. The planetary gear 4 is ar- 
ranged between the input shaft 2 of the range gearbox 
and an output shaft 3 from the range gearbox. The output 
shaft forms part of a transmission (not shown) which 



transmits driving power to the driving wheels of the vehi- 
cle. The driving power is therefore supplied from the en- 
gine of the vehicle, via the basic gearbox, the range gear- 
box and also via a transmission (not shown), to the driv- 
ing wheels. A sun gear 5, forming part of the planetary 
gear 4, with external teeth 6 is mounted in a rotationally 
fixed manner on the input shaft. In the illustrative embod- 
iment shown, the sun gear is integrated in the shaft 2. Al- 
ternatively, the sun gear can be attached to the shaft by 
means of splines. The sun gear is in engagement with a 
number of surrounding planet wheels 7 which are each 
mounted on their own pivot 8 in a planet-wheel carrier 9 
which is in turn connected in a rotationally fixed manner 
to the output shaft 3. In the embodiment shown, the sun 
gear is also in rotationally fixed engagement with a first 
coupling ring 10 by means of internal teeth 11 on the 
coupling ring. The coupling ring 10 is arranged in a fixed 
manner relative to the sun gear in the axial direction and 
is provided with internal coupling teeth 12. Arranged on 
the coupling ring 10 is an inward-facing conical friction 
surface 13, the purpose of which is to interact with a cor- 
responding outward-facing conical friction surface 14 on 
a synchronizing ring 15. 



[0021] a second coupling ring 16 is arranged in a rotationally 
fixed manner and in a fixed manner in the axial direction 
relative to a gearbox casing 17 by means of, for example, 
external splines (not shown) arranged on the coupling 
ring 16 and also corresponding internal splines in the 
gearbox casing. Arranged on the coupling ring 16 is an 
inward-facing conical friction surface 23, the purpose of 
which is to interact with a corresponding outward -facing 
conical friction surface 22 on the synchronizing ring 15. 
In the exemplary embodiments shown, the synchronizing 
ring is a double synchronizing ring in that it comprises 
double friction surfaces 14 and 22. 

[0022] The planet wheels 7 are also in engagement with the in- 
ternal teeth 19 of a ring gear 18. The ring gear 18 has on 
its external side (as seen radially) a first circumferential 
groove 20 intended to receive an annular spring 21, the 
function of which is to transmit the pressing force from 
the ring gear to the synchronizing ring 15 when synchro- 
nization and shifting take place. 

[0023] Arranged on the external side (also as seen radially) of the 
synchronizing ring 15 are conical friction surfaces 14 and 
22 which, when synchronization takes place, interact re- 
spectively with the corresponding conical friction surfaces 



13 and 23 of each coupling ring. Arranged on the radially 
internal side of the synchronizing ring 15 are bars 24 
which extend in the axial direction. The bars 24 are in en- 
gagement with corresponding external bars 25b on the 
ring gear 18. The bars 25b ensure that the synchronizing 
ring rotates with the ring gear 18; that is to say, driving 
takes place. However, the synchronizing ring 15 is at the 
same time limitedly rotatable relative to the ring gear 18. 
This is shown by Figure 5, where the external bar 25b of 
the ring gear 18 allows only a certain rotation of the syn- 
chronizing ring 15 by virtue of the fact that the bars 24 
stop against the bar 25b. A suitable number of bars 25b 
along the circumference of the ring gear includes six or 
nine. Other numbers are, however, also possible. 

[0024] The ring gear 18 is used as a coupling sleeve and is thus 
axially displaceable between a high-range mode and a 
low-range mode. This means that the ring gear 18 is axi- 
ally displaceable relative to the synchronizing ring 15, the 
planet wheels 7 and the coupling rings 10 and 16. The 
synchronizing ring 15 is also axially displaceable relative 
to the coupling rings 10 and 16. 

[0025] Figure 1 shows a range gear with the high-range gear en- 
gaged; that is to say, the ring gear 18 is engaged so as to 



rotate with the input shaft 2. When the driver selects the 
low-range gear by means of a range selector (not shown), 
an axial force is transmitted to the ring gear 18, which 
makes it move to the right in Figure 1. The displacement 
of the ring gear 18 takes place via means for displacement 
of the ring gear. In the illustrative embodiment shown, the 
means consists of a rod 26 which is coupled to the range 
selector and is in turn connected firmly to a fork 27. The 
fork is connected rotatably to the ring gear 18, but is 
fixed in the axial direction relative to the ring gear 18. 
[0026] The ring gear is first disengaged from the coupling teeth 
12 of the coupling ring 10. The annular spring 21 accom- 
panies the ring gear in its movement to the right in Figure 
1. The annular spring 21 is in its compressed or loaded 
state on the bars 24 of the synchronizing ring 15. The di- 
mensions of the first circumferential groove 20 are deter- 
mined by the dimensions of the annular spring 2 1 so that 
it has space when it is in its compressed state. When the 
ring gear 18 moves to the right, it takes the synchronizing 
ring 15 with it by virtue of the straining of the annular 
spring against the internal bars 24 of the synchronizing 
ring. 

[0027] when the ring gear 18 and the synchronizing ring 15 have 



moved sufficiently far to the right that the conical friction 
surface 22 comes into contact with the corresponding 
conical surface 23 on the coupling ring 16, the annular 
spring 21 is inserted into the groove 30 of the synchro- 
nizing ring 15 and synchronization of the speed differ- 
ence between the ring gear 18 and the coupling ring 16 
begins. The speed of the coupling ring 16 is zero as it is 
connected firmly to the gearbox casing 17. On account of 
the speed difference between the ring gear and the cou- 
pling ring, the braking torque, that is to say the synchro- 
nizing torque, will rotate the synchronizing ring relative to 
the ring gear as much as the spacing between the two 
bars 24 with blocking surfaces 28 and 29 allows (see Fig- 
ure 5). The magnitude of the synchronizing torque is de- 
termined by, inter alia, the diameter on which the friction 
surfaces 13, 14, 22 and 23 are located. A larger diameter 
provides a greater synchronizing torque for a given axial 
force from the ring gear 18. 
[0028] Blocking surfaces 28 and 29 are arranged on the synchro- 
nizing ring 15. In a known manner, the limited rotation of 
the synchronizing ring 15, relative to the ring gear 18 and 
the blocking surfaces 28, 29 on the synchronizing ring 15 
ensure that the ring gear 18 is blocked against further ax- 



ial movement before synchronous speed has been 
achieved. This is effected by one of the blocking surfaces 
28 or 29, depending on the direction in which the ring 
gear 18 is to be displaced. Figure 5 shows a situation just 
when synchronous speed has been achieved and the bars 
25 of the ring gear enter the next step of being coupled 
together with the coupling teeth 31 on the coupling ring 
16. When the blocking surfaces 28, 29 block further dis- 
placement, the ring gear 18 and the annular spring 21 
have been displaced relative to the synchronizing ring 15 
into a position which is shown in Figure 4. Here, the an- 
nular spring 21 has taken up an expanded position in a 
second circumferential groove 30 arranged in the syn- 
chronizing ring 15. 
[0029] During continued displacement of the ring gear 18, the 
annular spring 21 is compressed by interaction between 
the angled edge surfaces of the second circumferential 
groove 30 and the annular spring 21 and is finally dis- 
placed into a position part way up over the bars 24 (see 
Figure 3). In this position, the synchronization work has 
been completed (see also Figure 5), and the ring gear 18 
can be brought into engagement with the coupling teeth 
3 1 of the coupling ring 16 in order to lock the ring gear 



18 in relation to the gearbox casing 17. 

[0030] a corresponding procedure takes place when the ring gear 
18 moves from low-range mode to high-range mode; that 
is to say, is displaced to the left in any of Figures 1 to 4. 

[0031] The axial surfaces of the second groove 30 have an in- 
clined angle adapted in order that the annular spring 21 
will provide a certain pre-synchronizing force when axial 
movement of the ring gear 18 takes place. The annular 
spring can also have a corresponding angled edge surface 
configured so as to achieve optimum synchronization. It is 
also possible for the annular spring to be received by the 
second groove instead of the first. The first groove will 
then be provided with angled edge surfaces in a corre- 
sponding way, and the annular spring will jump in and out 
of the first groove instead in a corresponding way. 

[0032] The internal teeth 19 of the ring gear can be helical teeth, 
which can provide a servo effect when the gear concerned 
is selected; that is to say, the moment of inertia in the 
gearbox helps to push the ring gear 18 in the axial direc- 
tion. The external and internal bars on the ring gear and, 
respectively, the synchronizing ring and also the coupling 
teeth of the coupling rings can also be inclined in relation 
to the axial center line 32 of the ring gear. This means 



that when the range gear is engaged (low-range or high- 
range), balancing of the axial forces takes place. Balancing 
of the axial forces affords the advantage that the ring gear 
does not tend to move in the axial direction, and the fork 
27 is thus not subjected to unnecessary stresses. The he- 
lical teeth moreover provide quieter operation. 
[0033] The external bars on the ring gear, and also the position- 
ing of the double synchronizing ring coaxially outside the 
ring gear contribute to the extremely short overall length 
of the gearbox casing. A greater synchronizing torque is 
obtained without the external shifting force, which is sup- 
plied via the rod 26 and the fork 27, having to be in- 
creased. 

[0034] -rh e invention is not limited to the gear arrangement de- 
scribed above. It is possible to use other types of resilient 
elements instead of an annular spring. The double syn- 
chronizing ring can be divided into two separate synchro- 
nizing rings, each with its own cone-shaped friction sur- 
face and its own second circumferential groove for receiv- 
ing its own annular spring. In this embodiment, the ring 
gear will therefore have two first grooves. The grooves in 
each synchronizing ring ensure that the friction surfaces 
will not be in contact with one another for the synchroniz- 



ing ring and coupling ring which are not functioning at 
the time. In this way, there are no friction losses or un- 
necessary wear. 

[0035] The double synchronizing ring, which is made in one 
piece in the included illustrative embodiments, can be 
made from several assembled pieces. 

[0036] | n the illustrative embodiments shown, the friction sur- 
faces in the coupling rings consist of sheet-metal cones 
which are, by means of fingers, arranged firmly in corre- 
sponding holes in the respective coupling ring. Alterna- 
tively the coupling rings can be made with integrated 
cones, which leads to a reduction in the number of com- 
ponent parts. 

[0037] Alternatively, the coupling ring 10 can be connected firmly 
to the planet-wheel carrier 9 instead of the sun gear 5. 

[0038] Furthermore, the coupling ring 10 can be made with ex- 
ternal coupling teeth (as seen radially) which then instead 
engage the internal teeth 19 of the ring gear. In this em- 
bodiment, however, the conical friction surface 13 is ar- 
ranged on the coupling ring in the same way as in the il- 
lustrative embodiments shown previously. 



